BuTT et al. (1952) suggest that, of the many factors affecting stone formation in the urinary tract, the concentration of colloidal matter in the urine is one of the most important. Von Hemsbach, in 1856, first put forward this hypothesis stating that two factors were necessary for the production of calculous material: firstly an organic compound of mucous character in which insoluble and poorly soluble materials could be deposited and, secondly, a fluid supersaturated with petrifying or encrusting agents. Since this statement, relatively little has been added to our knowledge of the former factor. Butt, however, has brought this theory once again into prominence. Clinically, the proof of the hypothesis lies in a study of various ethnic groups. Butt and his co-workers have found that in those groups in which stone formation is uncommon, there is a high concentration of colloid in the urine,
this concentration being measured by the electron microscope and surface tension. They have suggested that the surface tension of urine in the male is lower than in the female, with a corresponding increase in the incidence of stone in the male sex. In ordersto prevent or retard stone formation, they have used the enzyme hyaluronidase: in their various papers they have postulated several different modes of activity of the enzyme but in the main they suggest that the substrate of the enzyme, i.e. hyaluronic acid, is excreted in the urine with corresponding depression of the surface tension, or that one of the breakdown products, acetyl glucosamine or glucuronic-acid is excreted.
The influence of hyaluronidase on these several factors has been reinvestigated:
(1) The surface tension of many urines has been determined by the drop weight method and the influence of hyaluronidase on this physical factor investigated.
(2) The acetyl glucosamine level in the urine has been determined following increasing doses of the enzyme.
(3) Vesical calculi have been induced in the rat bladder by the implantation of zinc pellets, daily injections of hyaluronidase (500 Turbidity Reducing Units) being given to half the series.
Investigation of surface tension revealed the following facts:
The surface tension of human urine is related directly to the specific gravity-the higher the specific gravity the lower the surface tension ( Fig. 1 ). 70 . If hyaluronidase is injected, no alteration in surface tension occurs. Fig. 3 demonstrates this in two cases, one male and one female. The acetyl glucosamine content of human urine is for all practical purposes negligible, approximately one part in one million. Four individuals were given increasing doses of this enzyme-the investigation commenced with injections of 500 T.R.U. and ended with doses of 5,000 T.R.UJ. No increase in the acetyl glucosamine level was demonstrated. It had been hoped to pursue this investigation further by the estimation of glucuronic acid levels but very variable quantities of this substance are normally excreted each day making correlation between injection and concentration difficult to assess.
The results of the induced vesical calculi in rats suggested that no profound influence was exerted by hyaluronidase. The control rats (20) developed a total weight of calculous material equal to 2,050 mg. whilst the rats (20) in the injected series developed a total weight of 2,271 mg. The rats in the control series were killed after 80 days whilst in the series injected only 60 days were allowed for the development of calculi. This might suggest that hyaluronidase, far from retarding stone formation, actually enhances the production of magnesium ammonium phosphate hexahydrate in the rat. That the zinc does not inhibit any action which hyaluronidase may exert on calculus formation is proved by the fact that no zinc is found in the stones even in those layers in closest contact with the pellet.
In view of these results, it was considered very doubtful whether the work of Butt et al. (1952) -would be substantiated in clinical practice. It was decided to await the results of further clinical trials by other centres before embarking on this method of therapy. (1952) . Having found 'that an injection of hyaluronidase cleared the urine in patients who previously had a turbid urine they postulated that a hyaluronidase substrate was probably a normal component of urine, and that this was responsible for maintenance of the normal colloid-crystalloid balance. An upset of this balance was probably an important factor in the production of urinary calculi, and this could be corrected by the administration of hyaluronidase, which increased the amount of protective colloid in the urine.
Butt reported 24 cases of renal stone which had been followed for periods of eleven to twenty-one months. On hyaluronidase therapy, 19 of these cases showed no new stone formation and no increase in size of existing stones, and in 4 cases there was actual diminution in the size of stones already present.
Encouraged by these results, we therefore decided that we would give the administration of hyaluronidase a trial in certain cases of lithiasis, either prophylactically or as a definitive treatment, and wve have now given it in 8 cases of renal stone which we considered suitable. It is on these cases that this communication is based.
For various reasons we considered them unsuitable for surgical intervention and hoped that some might be influenced by the administration of hyaluronidase.
Case L.-A fit man of 36, who three months previously had had a small stone removed from the upper calyx of his right kidney, and then presented again with further symptoms of severe loin pain and hiematuria. X-ray showed a single small calculus in the middle calyx of the right kidney.
In view of the small size of the calculus and the probable difficulty of the operation, it was decided to give the patient a course of hyaluronidase in the hope of alleviating his symptoms. He was therefore given daily subcutaneous injections of 1,000 units of hyaluronidase for three months, but throughout this time his symptoms continued and, in fact, became more severe, necessitating surgical treatment. An X-ray taken immediately before operation showed the calculus to be virtually unaltered in size, or, if anything, very slightly larger than before. Case II.-Male aged 43, who fifteen years previously had had a right nephrectomy for stone, and eight months previously a pyelolithotomy for a staghorn calculus on the left side. He was now complaining of an aching pain in the left loin and X-ray showed two small opacities in the lower calyx of the left kidney.
Since these were small stones in a solitary kidney which had already been operated upon recently, hyaluronidase treatment was tried. Daily injections of 1,000 units were started and given over a period of nine months. During this treatment his symptoms, which had never really been severe, were unaltered but repeated X-rays showed gradual increase in size of the calculi. The final X-ray after nine months' treatment showed a considerable increase in size of the calculi and yet during the whole course of treatment he had maintained a high fluid intake and output.
Case III.-A male aged 64, who suffered from severe chronic bronchitis and emphysema. Twenty years previously he had had bilateral nephrolithotomy performed and had had symptoms of recurrent stones for ten years. His main complaint was of hwematuria, with occasional episodes of recurrent infection, but there was little pain. X-ray showed multiple bilateral renal calculi.
It was decided that because of the scattered situation of the stones and his poor physical condition, operative treatment was out of the question. He was started on a course of hyaluronidase injections of 1,000 units every other day, and continued this treatment for nine months. During the course of treatment his pre-existing hypertension became worse and latterly he developed renal failure, was admitted to hospital and died within a month. An X-ray taken shortly before death showed a slight increase in size of the calculi, and a "fanning-out" of those in the left kidney, presumably due to hydronephrosis. Case IV.-A male aged 58, who had had a right nephrectomy for stone thirty-five years ago, a left ureterolithotomy twenty-three years ago and a left pyelolithotomy eight years ago. A further stone formed in the lower pole of the left kidney six years ago. An X-ray taken in July 1953 showed three stones in the left kidney, each in a minor calyx, without much dilatation and with fairly good renal function. There had been little change in the size of the stone in the lower calyx over the last six years. He had recently spent
